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SUMMARY 

Three  airship  fabrics  submitted  by  the  Naval  Air  Station,  Lakehurst, 
New  Jersey,  were  exposed  to  intense  thermal  radiation  in  the  laboratory, 
simulating  field  pulses  corresponding  to  weapon  yields  of  approximately 
L|0,  100  and  1500  KT.  The  critical  radiant  exposures  of  the  material  as 
measured  for  these  energy  releases  were  correlated  with  weapon  yield. 
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ADMINISTRATIVE  INFORMATION 


1,  This  investigation  has  been  conducted  at  the  Naval  Material  Laboratory 
as  part  of  the  program  originally  proposed  by  Commander,  New  York  Naval 
Shipyard  Confidential  letter  S99/L5,  Serial  960-92  of  15  March  1950  and 
formally  approved  by  Bureau  of  Ships  Speedletter  S99~(0) ( 5US) »  Serial  3^** 
75,  of  6  April  1950,  The  Naval  Material  Laboratory's  Thermal  Radiation 
Studies  are  under  the  sponsorship  of  the  Armed  Forces  Special  Weapons 
Project.  This  particular  problem  was  authorized  in  a  conference  of 
AFSWP  and  Naval  Material  Laboratory  personnel  at  Washington,  D„  C.  on 
51  May  1956. 
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2.  This  investigation  was  prosecuted  by  personnel  of  the  Optics  Section, 
Thermal  Radiation  Materials  Unit,  under  the  supervision  of  T .  I.  Monahan, 

INTRODUCTION 

3.  As  part  of  its  general  program  on  the  effects  of  thermal  radiation 
of  atomic  explosions,  the  Naval  Material  Laboratory  is  evaluating  the 
characteristics,  under  exposure  to  intense  thermal  radiation,  of  the 
various  materials  of  interest  to  the  several  agencies  of  the  Department 
of  Defense.  As  data  became  available,  these  findings  are  published. 
Reported  below  are  the  critical  radiant  exposures  of  three  airship 
fabrics,  submitted  by  the  Naval  Air  Station,  Lakehurst,  New  Jersey,  A 
relationship  correlating  the  critical  radiant  exposure  for  initial 
damage  and  for  destruction  of  the  material,  with  weapon  yield  has  been 
determined'. 


EXPOSURE  METHODS  AND  EQUIPMENT 

1;,  The  materials  consisted  of  three  rubberized  fabrics,  of  which  two 
had  one  surface  aluminized  (GAC  nos,  113  A  100  and  113  A  70) •  The  third 
material  (SAC  No.  328  A  170)  was  black  on  both  surfaces.  Specimens  for 

exposure  were  cut  into  strips,  70  mm  x  15  mm,  with  the  longest  dimension 

along  the  warp,  as  indicated  on  the  specimen  sheets  by  the  Naval  Air 
Station,  Lakehurst,  N.  J.  The  specimens  were  mounted  for  exposure  by 
perforating  at  one  end  and  hanging  from  a  pin  behind  a  10  mm  wide  slit 
cut  into  a  0,02  inch-thick  aluminum  sheet.  The  shield  served  to  protect 
the  edges  of  the  specimen  from  exposure  and,  thereby,  minimize  edge 
effects.  The  specimens  were  held  flat  against  the  slit  by  tape  at  the 

bottom  of  the  strip,  so  that  no  appreciable  tension  was  applied  to  the 

fabric. 

5.  The  source  of  radiation  employed  in  these  experiments  was  a  standard 
Navy  16  mm  carbon  arc  lamp  operating  at  78  volts  and  150  amps.  The  lamp 

is  mounted  at  the  focus  of  a  36-inch  mirror  which  collimates  the  radiation. 
A  second  similar  mirror,  placed  coaxially  with  the  first,  condenses  the 
radiation  at  its  focus,  where  the  specimens  were  exposed, 

6,  The  bomb-simulating  thermal  pulse  is  produced  by  a  Venetian  blind 
shutter  placed  in  the  collimated  beam  between  the  mirrors.  The  shutter 
is  driven  by  an  appropriately  designed  cam  geared  to  a  variable  speed 
motor.  The  gear  system  and  motor  make  possible  a  wide  range  of  pulse 
times. 
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7*  The  maximum  irradiance  In  the  exposure  plane  with  this  lamp,  mirror 
and  shutter  arrangement  is  63  cal/cm^  sec*  over  a  circular  area  5  rarn  in 
diameter,  which  fails  off  to  88  percent  of  maximum  over  a  diameter  of 
9  mm.  Attenuating  screens  placed  in  the  co I  Umated  beam  reduce  the 
irradiance  to  desired  levels* 

8.  The  exposure  time  is  controlled  by  a  solenoid-driven  knife-blade 
shutter  which  is  triggered  for  opening  and  closing  by  the  cam.  The 
total  exposure  time  Is  measured  by  an  electric  clock  connected  with  the 
timing  cam* 

9*  The  exposures,  for  which  results  are  given  in  the  tabie,  were  made 
with  a  pulse  whose  characteristic  is  given  by  the  expression: 

Q  “  2.06  Hmax  tm5X 

where  Q  is  the  total  radiant  exposure  for  the  equivalent  field  pulse  and 
tmax  is  the  time  for  the  irradiance  to  reach  a  maximum  (Hmax)»  The  total 
time  of  the  pulse  is  approximately  nine  times  tmax.  The  values  of  tmax 
used  in  these  exposures  correspond  to  simulated  weapons  of  39#  113  and 
1550  KT.  The  values  of  Q  given  in  this  report  are  the  radiant  exposures 
for  the  corresponding  field  pulse. 

10.  The  spectral  reflectances  of  the  three  materials  were  measured  in 
the  spectral  region,  0*39  to  2*7  microns.  The  radiant  absorptances  of 
the  materials  for  carbon-arc  radiation  were  computed  from  these  data 
and  the  spectral  energy  distribution  of  the  carbon-arc  source  of  intense 
therma  I  radiation. 


RESULTS 


li.  Three  stages  of  degradation  of  the  material  were  observable  on  the 
two  aluminum  surfaced  fabrics.  These  consisted  of  a  visible  surface 
change,  destruction  of  the  surface,  and  destruction  of  the  fabric.  The 
black  ballonett  material  exhibited  two  stages  of  destruction;  first,  a 
de  lamination  or  blistering,  and,  second,  destruction  of  the  fabric. 


12.  The  initial  phase  of  destruction  on  N-II3  A  100,  an  aluminum 
surfaced  basketweave  occurred  in  the  range  from  26  to  iji;  cal/cmr  for 
the  three  weapon  sizes*  The  heavier  N  St’3  A  ?0  shewed  initial  effects 
in  the  range  from  13  to  27  cal/cm^  for  the  three  weapons.  The  lighter 
non-a  luminized  ballonett  showed  first  effects  between  3.9  and  6.3  cal/cm* 
Destruction  of  the  surface  and  fabric  for  the  N  1 13  A  100  material  was  not 
attained  for  the  39  KT  weapon,  since  sufficient  irradiance  was  not  avai I- 
able;  the  maximum  exposure  possible  for  this  t(max)  time  being  27  cal/cBr» 
For  the  same  reason,  the  N  1 13  A  70  material  was  not  destroyed  for  t(niax)  3 
0.20  sec.  The  two  later  stages  of  destruction  for  the  N  I  S3  A  100 
material  occurred  at  radiant  exposures  ranging  from  I4.3  to  i+7  cal/cra? 
for  the  113  and  1550  KT  weapons,  respectively.  Sample  N  M3  A  70 
suffered  destruction  of  the  outer  surface  at  radiant  exposures  ranging 
from  18  to  37  cal/cm^  for  all  three  weapon  yie Ids,  and  complete  destruction 
at  radiant  exposures  between  35  and  cal/cnfi  for  the  two  larger  weapon 
yields.  The  absorptances  and  critical  radiant  exposures  of  the  materials 
are  given  in  Table  I. 
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f'r»  To  ^'ITW8/  destro',od  at  radiant  exposures  ranging 
from  9.2  to  19  cal/ cm2.  Samples  N  1 15  A  100  and  N  I  13  A  70  were  each  9 

exposed  backed  w.th  N  128  A  I70  in  casual  contact  at  Lages  bracketina 

i" cs  'strz,  k  -•  ~ — -  -  s 

expression?*  charact-istics  of  this  pulse  J  described  by  tbf 


Q  ”  I  *  7l|  tlfnax  tmax 

Tbe^resuits  were  found  to  differ  fran  those  in  the  table  by  no  „ore  than 

15.  Graphical  presentation  of  the  results  for  initial  effects  and 
destruction  indicates  that  the  values  of  critical  r*.H 
would  closely  satisfy  a  relationsh^po? the radla"t 

Qc  *  kWa, 

where  Qc  is  the  critical  radiant  exposure  for  the  effpct  w  fha 

I, j  |  .  f  N  2®  A  !7°  where  'he  maximum  error  in  the  ranqe  from  39  to  IRRO 
ki  lotons  could  be  as  much  as  iO  percent.  The  error  In^he  case  of  ^ 

V’5  A  100  might  be  soni®what  higher,  due  to  the  lick  of 

teas  In39*'0  h°fver  the  cri,iMl  «P«ure  Is  expected  to^  no 
less  than  28  cal/cm2  and  no  greater  than  1*7  cal/cm2. 


APPROVED: 


Mf 

rVT,-,"L1  'i.wf. 


A.  5.  M 


*■( 


Tho  Director 
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TABLE  I 

Critical  Radiant  Exposures 
on  Airship  Fabrics 

Submitted  by 
Nava  I  Air  Station 
Lakehurst,  New  Jersey 


j  F  abr i c 

T - - - 

Absorptance 

Description  of 
Effect 

|  .^max 
j  (sec*) 

]"Cr Tf real  j 
Exposure  t 
1  (cai/cja2)^ 

iBasketweave,  2 

0.352 

A  lumin ized  surface 

j  0.20 

26  1 

ply,  i6.8  oz/yd2. 

j  disco lored. 

j  0.I40 

35 

)GAC  No.  N- 

1.26 

&  | 

H 13  A  100  (Airship 

frypes  ZSG-4;  and 

1 

i 

j  ZPG-2). 

Aluminized  surfacing 

0.20 

>27  j 

1 

destroyed. 

0J4D 

U3 

% 

1 

|  "" 

i  1.26 

bk~Li6 

1 

1 

\ 

Fabric  destroyed. 

‘  0i20 

|  >27 

1 

turns  br Itt  le  and 

O.IjO 

47 

crumb les  on  f  lexing. 

1.26 

It7 

l 

©asketweave. 

OJ4.O7 

A  luminized  surface 

0.20 

13 

(3  ply,  I9J+  oz/yd2, 

b  listers,  du  1  Is. 

OJ4O 

18 

jGAC  No.  -  1  13  A  70 

1.26 

27 

'(Airship  Types 

/ZSG-3). 

1 

t  i 

i  j 

i 

Aluminized  surfacing 

0.20 

18  I 

{  | 

destroyed. 

O.iqO 

27 

h  J 

t  t 

1.26 

57 

s 

i  | 

Fabric  destroyed,  turns 

0.20  1 

>27  f 

!  1 

I 

brittle  and  crumbles 

OjjO 

35  j 

j  1 

! 

on  f  lexing. 

1.26 

I|2  j 

Icotton  ballonett,  | 

0.957 

De  laminates,  b  lister 

0.20  j 

U.o 

|2  ply,  0.00  oz/yd2, 

i 

raised  on  front,  back. 

0J4O  | 

x  q  .) 

GAC  No.  -  N  128  A  170 

or  both  surfaces.  ! 

1.26  [ 

6.3  ! 

(Airship  Types 

j 

& 

fc 

\ 

* 

ZSG-3  &  ZPG-2) 

r 

i 

Fabric  destroyed,  j 

0.20 

I 

9.2  J 

turns  brittle  and 

O.I4O 

9.7  j 

j 

crumb  les  on  f  lexinq. 

_ !_J 

1,26 

1 
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TABIE  2 

Values  of  k  and  a 

for 

Airship  Fabrics 

Submitted  by 

Naval  Air  Station 

Lakehurst,  New  Jersey 

Fabric 

GAC  No. 

Effect 

k 

a 

N  113  A  100 

Surface  discolored 

17 

O.lit 

N  113  A  100 

Fabric  destroyed 

1+7 

0.0 

N  113  A  70 

Surface  blisters 

7.1 

0.18 

N  113  A  70 

Fabric  destroyed 

26 

0,07 

N  328  A  170 

Delaminates 

2.1 

0.18 

N  128  A  170 

Fabric  destroyed 

it. 3 

0.19 

(a)  Based  on  two  points. 
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Chief,  Bureau  of  Supplies  and  Accounts,  I 

Dept,  of  the  Navy, 

Washington  25,  D.  C, 

j 

Chief.,  Bureau  of  Yards  k  Docks,  1 

Dept,  of  the  Navy, 

Washington  25,  D.  C.  ATTNs  D-l^ 

Chief,  Bureau  of  Aeronautics,  2 

.  Dept,  of  the  Navy, 

Washington  25,  D,  C« 

Chief  of  Naval  Research,  I 

Dept,  of  the  Navy, 

Washington  25,  D.  C.  ATTN:  Code  B 1 1 

Commander-In-Chief ,  1 

U.  S.  Pacific  Fleet,  FPO, 

San  Francisco,  Calif, 

Commander-in-Chief ,  •  1 

U.  S.  Atlantic  Fleet, 

U.  S,  Naval  Base, 

Norfolk  II,  Va, 

Commandant  of  the  Marine  Corps, 

Dept,  of  the  Navy, 

Washington  25 ,  D.  C.  ATTN:  Code  A03H 

President,  U.  S.  Naval  War  College,  I 

Newport,  R.  I. 

Superintendent,  U.  S.  Naval  Postgraduate  School,  I 

Monterey,  Calif. 

Commanding  Officer,  2 

U.  S.  Naval  Schools  Command, 

U.  S.  Naval  Station, 

Treasure  Island,  San  Francisco,  Calif® 

Commanding  Officer,  2 

U.  S.  Fleet  Training  Center, 

Naval  Base, 

Norfolk  II,  Va.  ATTN:  Special  Weapons  School 

Commanding  Off icer,  2 

U.  S.  Fleet  Training  Center, 

Naval  Station, 

San  Diego  3 6*  Calif®  ATTNs  SFWP  School 

Commanding  Officer,  * 

Air  Development  Squadron  5»  VX=5, 

U.  S.  Naval  Air  Station, 

Moffett  Field,  Calif. 


List  list  No*  100 


ADDRESSEE 


NAVY  (Cont*  d) 


Commanding  Officer, 

S.  Naval  Damage  Control  Training  Center, 
Naval  Bose, 

Philadelphia  12,  Pa,  ATTN t  ABC  Defense  Course 

Commanding  Officer, 

U.  S.  Naval  Unit, 

Chemical  Corps  School, 

Army  Chemical  Training  Center, 

Ft.  McC i e  1 5 an ,  Alabama 

Commander,  U.  S.  Naval  Ordnance  Laboratory, 
White  Oak,  Silver  Spring  19,  Md. 

ATTN :  EE 
R 


Commander,  ,  S.  Naval  Ordnance  Test  Station, 

China  Lake,  Calif* 

Commanding  Officer, 

U.  S.  Naval  Medical  Research  Institute, 

National  Naval  Medical  Center, 

Bethesda  lU,  Md* 

Director,  U.  S,  Naval  Research  Laboratory, 

Washington  25,  D.  C.  ATTNi  Cod©  2029 

Commander,  New  York  Naval  Shipyard, 

Brooklyn  I,  N,  Y.  ATTN:  Director,  The  Material  Laboratory 

Commanding  Officer  &  Director, 

U.  $.  Naval  Electronics  Laboratory, 

San  Diego,  Calif* 

i 

Commanding  Officer, 

U,  S*  Naval  Radiological  Defense  Laboratory, 

San  Francisco  2i|,  Calif*  ATTNa  Tech  Info  Div 

Commander,  0.  S.  Naval  Air  Development  Center, 

Johnsville,  Pa* 


NO.  OF  COPIES 

I 


I 


I 

I 

l 


\ 

I 

I 


3 

1 


Commanding  Officer, 

Clothing  Supply  Office, 

Code  ID-0, 

29th  Street  &  Jrd  Avenue, 

Brook  I  yn  'j2.}  N .  Y . 

Commanding  Officer, 

Naval  Medical  Field  Research  Laboratory, 
Camp  Lejune,  N,  Ce 


5 


Dist  List  No,  100 

ADDRESSEE  AIR  FORCE 

Assistant  for  Atomic  Energy, 

Headquarters,  U.  S.  Air  Force, 

Washington  25,  D.  C. 

Director  of  Operations, 

Headquarters,  U.  S,  Air  Force, 

Washington  25,  D,  C.  ATTN:  Operations  Analysis 

Director  of  Plans, 

Headquarters,  U.  S.  Air  Force, 

Washington  25,  D»  C,  ATTN:  War  Plans  Dtv* 

Director  of  Requlreinents, 

Headquarters,  U.  S.  Air  Force, 

Washington  25,  D.  C.  ATTN;  AFDRQ-SA/M 

Director  of  Research  &  Development, 

Headquarters, 

Washington  25,  D,  C,  ATTNs  Combat  Components  Div, 

Director  of  Intelligence, 

Headquarters,  U.  S.  Air  Force, 

Washington  25,  D„  C.  ATTN:  AF0IN-IB2 

The  Surgeon  General,  < 

Headquarters,  U,  S.  Air  Force, 

Washington  25,  D.  C.  ATTN:  Bio  Defense  8r.,  Prev  Med  Division 

Commander-in-Chief , 

Strategic  Air  Command, 

Offutt  AFB,  Nebraska 

ATTN:  Chief,  Operations  Analysis 

Commander,  Tactical  Air  Command, 

Langley  Air  Force  Base,  Va*  ATTN:  Doc  Sec  Branch 

Commander,  Air  Defense  Commend, 

Ent  Air  Force  Base,  Colorado 

Commander,  Air  Materiel  Command, 

Wright-Patterson  Air  Force  Base,  Ohio 

Commander,  Air  Training  Command, 

Scott  Air  Force  Base,  III.  ATTN:  DCS/o  GTP 

Commander,  Air  Research  k  Development  Command, 

P.  0o  Box  1 395  a 

Baltimore  5,  Md0  ATTN;  RDDN 

Comraertier,  Air  Proving  Ground  Command, 

EglJn  Air  Force  Base,  Fla*  ATTN:  AG/rRB 


NO.  OF  COPIES 

I 

I 

I 

I 


2 


I 


I 


1 

f 

2 

I 

5 

I 
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D 1st  List  No0  100 


NO.  CF  COPIES 


AIR  FORCE  (Cont'd) 


Director,  Air  University  Library, 

Maxwell  Air  Force  Base,  Ala, 

Commander,  Flying  Training  Air  Force, 

Waco,  Texas  ATTN:  Director  of  Observer  Training 

Commander,  Crew  Training  Air  Force, 

Randolph  Air  Force  Base, 

Randolph  Field,  Tex.  ATTN:  2GTS,  DCS/0 

Commander,  Technical  Training  Air  Force, 

Gulfport,  Miss,  ATTN:  TA&D 

commander,  U.  S,  Air  Force  School  of  Aviation  Medicine, 
Randolph  Air  Force  Base,  ' 

Randolph  Field,  Texas 

Commander,  Wright  Air  Development  Center, 

Wright -Patterson  Air  Force  Base,  Ohio 
ATTN  s  WCCS I 

Commander,  Air  Force  Cambridge  Research  Center, 

L.  G.  Hanscom  Field, 

Bedford,  Mass0  ATTN:  CRQ5T-2 

Commander,  Air  Force  Special  Weapons  Center, 

Kirt land  Air  Force  Base,  N®  M. 

ATTN:  Technical  Information  and  Intelligence 


2 

2 

I 


1 

2 


I 


I 

3 


Commander,  Lowry  Air  Force  Base,  Special  Weapons 

Denver,  Colo,  ATTN:  Dept  of 

OTHER  DOD  ACTIVITIES 


Director,  Weapons  Systems  Evaluation  Group, 
OSD, 

Washington  25,  D.  C0 


National  .Hlt^  Representative 
SHAPE,  APO  55,  New  York,  N.  Y, 


Assistant  Secretary  of  Defense, 

(Research  and  Development), 

Washington  25,  D.  C.  ATTN:  Tech  Library 


Commandant,  Armed  Forces  Staff  College, 
Norfolk  11,  Va.  ATTN:  Secretary 


I 


I 


I 


I 


I 
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Dist  list  No.  100  OTHER  OOP  ACTIVITIES  (Cont'd)  N.°^_QI 

ADDR  ESSEE 

Commander,  Field  Command, 

AFSWP,  PO  Box  51°°» 

Albuquerque,  N.  M. 

^  .  .  3 

Chief,  Armed  Forces  Special  Weapons  Project, 

Washington  25,  0.  C. 

PANEL  ON  THERMAL  RADIATION 

Massachusetts  Institute  of  Technology,  . 

Director,  Division  of  Defense  Laboratories, 

Lincoln  Laboratory , 

Cambridge  19,  Mass, 

(For  Prof.  Hoyt  C.  Hot  tel) 

Dr,  Edward  0.  Hulburt, 

Senior  Scientist, 

International  Geophysical  Year, 

National  Academy  of  Sciences, 

2101  Constitution  Avenue, 

N.W.,  Washington  25,  0.  C. 

University  of  Rochester, 

Atomic  Energy  Project, 

p.  0.  Box  207,  v  . 

Station  5,  Rochester  20,  New  York 
ATTN s  Tech  Report  Control  Unit 
(For  Dr,  Herman  E.  Pearse) 

Johnsville Pa» *  ATO:  Or.  ^Ta^  “"Sion  Medical  Acceleration  lab. 

OTHERS 


NO.  OF  COPIES 


Sandia  Corporation, 

Sandia  Base, 

Albuquerque,  New  Mexico  (For  ^  j.  Todd) 

ATTM  :  Classified  Document  Div 

Ios  Alamos  Scientific  Laboratory, 
p,  0.  Box  1665, 

ATTN^^Reporf  "librarian  (For  Dr.  Alvin  C.  Graves,  J-Division) 

Los  Alamos  Scientific  Laboratory, 

p,  0.  Box  1663,  t 

Ips  Alamos,  N.  M.  ATTN:  Report  librarian 

Technical  Operations,  Inc., 

2000  P  S t . ,  N.W. , 

Washington  6,  D.C.  ATTN:  Security  Officer  (For  »r.  Greesfone) 

Medical  College  of  Virginia, 

Box  222, 

Am.r^j!aGen.  ».  F.  Tomkins  (For  Dr.  William  T.  Ham) 


B 


Dist  List  No.  100 

ADDRESSEE  OTHERS  (Cont*d) 

Director,  California  Forest  and  Range  Experimental  Station, 
U.  S.  Forest  Service, 

P*  0.  Box  2b5> 

Berkeley,  Calif. 

ATTN:  W.  L.  Fons,  Div.  of  Fewest  Fire  Research 

Massachusetts  Institute  of  Technology, 

Director,  Division  of  Defense  Labs, 

Lincoln  Lab, 

Cambridge  19*  Mass. 

(For  Prof.  G.  C.  Williams) 

Mr.  H.  D,  Bruce, 

Forest  Products  Lab., 

North  Walnut  Street, 

Madison  5»  Wisconsin 

Chief,  Hre  Research  Division, 

Forest  Service, 

U.  S.  Department  of  Agriculture, 

Washington  25,  D.  C. 

ATTN:  Mr.  A.  A.  Brown 


NO.  OF  COPIES 

I 


I 


I 
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